Depodding of moringa which is still being carried out manually by removing with hand or by hitting a bag containing the pods is time-consuming, labour intensive and not economical. The demand for quality oil-bearing moringa seeds that have a wide area of industrial applications necessitates innovative deppoding techniques that will improve its market value. To ameliorate these problems, moringa depoddding machine has been developed but studies on performance evaluation and optimal parameter setting are sparsely reported. This study therefore, evaluated the effects of the processing factors (moisture content (MC) and speed of rotation (SR)) levels on the performance (throughput capacity (TP), effective throughput capacity (ETP), labour requirement (LR), depodding coefficient (DC), coefficient of wholeness (CW), depodding efficiency (DE), depodded kernel (DK), undepodded kernel (UK), small broken kernel (SBK), and big broken kernel (BBK)) of the designed and fabricated moringa depodding machine using the response surface methodology and test between subjects-effects. The experimental design used was a two factor, three levels i-optimal randomized design. Mathematical models relating the process factors to performance were developed. The predicted optimum results obtained were validated using the observed values of the experiment. MC and SR were found to have a significant effect on the performance of the machine. The predicted optimum performance of the machine were 113.73 kg/hr, 109.45 kg/hr, 0.85 man-hour required/ Kg, 96.15 %, 0.96, 93.93 %, 0.98, 0.02, 10 .64 %, and 1.24 % for TP, ETP, LR, DC, CW, DE, DK, UK, SBK, and BBK respectively at MC and SR of 10.10 % wet basis and 564 rpm. The experimental values at these processing conditions were close to the predicted optimum results obtained with little deviations which were statistically insignificant. The selected models sufficiently predicted the performance of the developed machine.
Introduction
Moringa oleifera plant is rich in protein and bioactive compounds like essential oils, saponins, and tannins with several industrial uses [1, 2, 3] . The tree produces fruits in pod form having drumstick shape which houses the undehulled seeds as in Figure 1 [4] .
The process of depodding is a size reduction activity of breaking the case containing the seeds [5] . Depoddingof moringa fruit is the first basic unit operation that must be carried out before other post-harvest processes such as dehulling/shelling, cleaning, and oil expelling depending on its end-use. The depodding process of moringa is still being carried out manually, by hitting a bag containing moringa pods with a wooden stick or removing them by hand. This manual method is time-consuming, causes high mechanical damage to the product, with a lot of drudgeries attached to its process. Falade and Aremu [3] stated that manual processing of moringa seed is expensive, thereby damping its economic viability.
Depodding machine for various crops has been reported (Iyanda et al. [5] , Adewumi and Fatusin [6] ) for cocoa; ([Oloko and Agbetoye [7] Agbetoye et al. [8] Orhorhoro et al. [9] ) for melon; Kamboj et al. [10] for pea; Also, the performance evaluation and optimization of post-harvest process such as dehulling and shelling of moringa oleifera seeds and some agricultural products using Response Surface Methodology (RSM), a statistical analysis tool in the modelling and optimization of more than two variables, to investigate the interactions between variables on selected responses have also been reported (Fadele and Aremu [2] , Fadele and Aremu [3] , Fakayode et al. [11] ; Fakayode et al. [12] , Fakayode and Ajav [13] ) for moringa; Fakayode and Abobi [14] , Sobowale et al. [15] , Olayanju et al. [16] for orange peels, cocoyam noodles and paddy respectively. However, the performance evaluation and optimization of depodding process of moringa to the best knowledge of the authors have not been reported. It was on this basis, Ikubanni et al. [17] designed and fabricated a moringa depodding/dehulling machine in other to mitigate the problems of the traditional manual depodding. However, the literature is sparse on the effects of process factors on the performance of the moringa depodding machine, interaction effects of the process factors and determination of their optimal settings. This study, therefore, focuses on the performance evaluation and optimization of a Moringa Oleifera Depodding Machine using a Response Surface Approach.
Materials and methods

Sample collection and preparation
The moringa pods used for this experiment was harvested from the moringa tree domiciled in the Teaching and Research farm of Landmark University (latitude 8 9 0 00 N, longitude 5 61 0 00 E), Omu-Aran, Kwara state in June 2019. It was sorted out from already split pods as these will affect the performance of the machine. The initial moisture content of the moringa pods was determined using the AOAC [18] method to be 10.10 AE 0.3 % (wet basis). The materials were divided into 3 and further sub-divided into 3 replicates, two parts were conditioned into 8.20 AE 0.05 % and 9.09 AE 0.2 % wet basis respectively. 
Experimental design
A 3 2 factorial i-optimal randomized design was used for the experiment conducted. A total of 27 experiments were conducted with 3 replications ( Table 1 ). The moisture content levels of 8.20, 9.09, and 10.10% wet basis were chosen based on the moisture content at harvest. The depodding drum rotational speeds used were 365, 487, and 564 rpm as reported by Ikubanni et al. [17] .
Experimental procedures
The sorted moringa pods were fed into the moringa depodding machine at different moisture content. A constant feed rate of 5 pods per throw was used during the evaluation. The speed of rotation of the depodding drum was varied with the use of different pulley ratio. The machine used consists of a hopper, deppodding drum, concave, depodding unit casing, chaff and good product outlet, frame as shown in Figures 2 and 3 . It was powered by a 1 hp electric motor Ikubanni et al. [17] Detailed specifications of the depodding machine are presented in Table 2 .
Performance evaluation
The performance evaluation of the developed moringa depodding machine was carried out using the equations suggested by Hussain et al. [19] and Okonkwo et al. [20] . 
Percentage wholeness
Percentage Undepodded ¼ Weight of undepodded moringa Total weight of moringa pods subjected to depodding
Small broken kernel ¼ weight of small broken kernels 1 4 th to 1 8 th of ball size weight of kernels (8) Big broken kernel ¼ weight of broken kernel ! 1 4 th of ball size weight of kernels (9) where M cm ¼ mass of depodded moringa (kg); M tm ¼ total mass of moringa pods fed into the machine per time (kg); M bm ¼ mass of broken undehulled moringa seed (kg); M um ¼ mass of undehulled moringa seed (kg); M dm ¼ mass of depodded moringa pods (kg).
Optimization of the machine performance
The RSM tool (Design-Expert version 12.0.1.0) was utilized for the experimental design, analyses, and generation of model equations that depicts the various performance of the developed moringa depodding machine. The predicted results were compared with the experimental results obtained as suggested by Fakayode et al. [11] . The efficiencies of the moringa depodding machine with the variables were evaluated using linear, two-factor interaction (2FI), quadratic, and cubic models to see which model performed best as suggested by Fakayode et al. [11] and Falade and Aremu [2] . Analysis of variance was conducted using for the various performance to determine the adequacy of the developed models, significance, fitness as well as their interactions with the performance responses as pointed out by Falade and Aremu [2] . The p-value was also analyzed. Optimization of the variables used was further analyzed, maximizing the desired responses (Throughput capacity, effective throughput capacity, depoddding efficiency, and depodded kernel) and minimizing the undesired responses (Labour requirement, undepodded moringa, small broken kernel, and big broken kernel) [21] . SPSS window 22 software was used to analyze the tests between-subjects effects of the processing variables on the performance of the developed machine. 3. Results and discussions 3.1. Effects of the moisture content and speed of rotation on throughput capacity (TP), effective throughput capacity (ETP), and labour requirement (LR) 3.1.1. Effect of moisture content on TP, ETP, and LR The increase in the moisture content slightly decreased the TP from133 to 40 kg/hr and ETP from 120 to 40 kg/hr of the depodding machine (Figure 4a and b). This might be because at lower moisture content, moringa pod easily split. An increase in moisture content caused the LR to increase from 0.8 to1.8 man-hours required per Kg (Figure 5a ). Increased moisture content reduces the TP, thereby increasing the LR. These observations are in agreement with Falade and Aremu [2] , a decreased TP with increased moisture content at 90 o bar inclination but fluctuate using other bar inclination for an impact type moringa shelling device.
Effect of speed of rotation on TP, ETP, and LR
It was observed that the increase in the speed of rotation increased the TP and ETP of the depodding machine to 133 kg/h and 120 kg/h respectively (Figure 4a and b). This is might be due to at high speed of rotation, the spikes on the drum have a higher number of impacts with the pods therein. Iyanda et al. [5] reported an increased TP for a cocoa depodding machine with an increase in the speed of the depodding mechanism. The increase in the speed of rotation led to decrease in LR of the machine from 1.4 to 0.8 ( Figure 5a ). The LR is an inverse function of the TP, at a higher speed of rotation less time is required for completion of the depodding operation, and it leads to a higher TP and a lower LR. This observation is in concomitance with that reported by Okonkwo et al. [20] , in which it was also reported that an increase in speed decreased the LR for a locust bean dehuller. Hussain et al. [19] also reported that using power-operated walnut crackers required the least LR as compared to the manual and hand-operated crackers. As indicated in Figure 5b , increased moisture content decreased the DC to 90%. At higher moisture content, the splitting of the moringa pod becomes more difficult due to the tough outer casing. This does not agree with Figueiredo et al. [22] , it was revealed increased dehulling ability with increased moisture content for safflower seeds. But it agrees with Figueiredo et al. [23] , it was reported decreased in the dehulling ability for confectionary sunflower seeds in a dehulling system with an increase in the moisture content. It can be seen from Figure 6a that increasing the moisture content increased the CW to 1. At higher moisture content less mechanical damage is encountered by the un-dehulled seeds due to toughness of the pod. A similar phenomenon was reported by Figueiredo et al. [22] for the percentage of the whole kernel as a function of moisture content for confectionary sunflower seeds in a dehulling system. Falade and Aremu [24] reported that the percentage whole kernel increased with an increase in the moisture content of un-dehulled moringa seeds during shelling operation for moringa. Increased moisture content decreased the DE to 90 % (Figure 6b ). High moisture content makes splitting of the moringa pods difficult, thereby reducing the efficiency of the machine during the operation. Falade and Aremu [24] observed that the shelling efficiency of a moringa shelling device decreased with an increase in moisture content to 25 % wet basis, but increased afterward.
Effect of speed of rotation on DC, CW, and DE
It was observed that the increase in the rotational speed, increased DC of the un-dehulled moringa seeds to 100% (Figure 5b ). Increased speed of rotation increases the revolution and number of the impact of the depodding drum on the moringa pods in the depodding unit. These findings are not in agreement with the observation made by Okonkwo et al. [20] , in which it was reported that increase in speed resulted in decreased quantitative dehulling efficiency; Hussain et al. [19] described that using a power-operated cracker had the least cracking coefficient as compared to the hand and manually operated cracker; Figueiredo et al. [22] revealed increased dehulling ability with increased peripheral speed for safflower seeds. An increase in the speed of rotation decreased the CW of the un-dehulled moringa seeds to 0.95 (Figure 6a) . The higher speed of rotation increases the impact made on the pod during operation thereby increasing the mechanical damage on the un-dehulled seeds. Similar phenomenon was reported by Figueiredo et al. [22] for the percentage of the whole kernel as a function of peripheral speed for confectionary sunflower seeds in a dehulling system; Okonkwo et al. [20] revealed that increased speed of rotation decreased the coefficient of the wholeness of locust bean in a dehuller; Sharma et al. [25] also reported that the increased speed of a centrifugal impact-type decorticator increased the percentage of the whole kernel of Tung fruits from 1600 to 1800 rpm but decreased from 1800 to 2000 rpm. Increase speed of rotation increased the DE of the machine to 95 %, but a slight decrease was noticed for the DE from the speed of 500-584 rpm (Figure 6b ). At the high-speed rate, the number of the impact of the depodding drum on the pods therein increases, in which the DE increases. The observed result was in tandem with Oloko and Agbetoye [7] for the depodding efficiency of melon seeds which increased with an increase in the speed of the machine; Iyanda et al. [5] reported a decrease in DE for the cocoa depodding machine with an increase in speed; Falade and Aremu [2] delineated that the shelling efficiency of a moringa shelling device increased with an increase in speed; Okonkwo et al. [20] reported a decreased qualitative dehulling efficiency with an increase in speed for a locust bean dehulling machine.
Interactive effect of moisture content and speed of rotation on DC, CW, and DE
The interactive effect of the moisture content and the speed of rotation revealed that increased moisture content with speed of rotation increased the depodding coefficient from 95 to 96 % (Figure 5b) . A similar result was reported by Figueiredo et al. [23] for the dehulling ability for confectionary sunflower seeds in a dehulling system. The interactive effect of factors showed that increased moisture content and speed of rotation resulted in a decreased CW from 0.965 to 0.975for the undehulled moringa seeds during its operation (Figure 6a ). This observation was also delineated by Figueiredo et al. [22] for the percentage of the whole kernel as a function of moisture content with peripheral speed for confectionary sunflower seeds in a dehulling system. The interactive effect of moisture content and speed of rotation showed that increased speed and decreased moisture content increased the DE from 93 to 94 % of the developed machine (Figure 6b) . A similar result was reported by Fakayode et al. [11] for the dehulling efficiency of moringa pods to moisture content and speed. Figure 7b ). This might be due to the tough outer coat of the moringa pod at high moisture content. Similar results were reported by Sharma et al. [25] increased moisture content increased the percentage of unshelled Tung fruits. Aremu et al. [26] reported that increased moisture content of jatropha seeds in a jatropha shelling device decreased the percentage unshelled kernel but from 11% moisture content wet basis afterward the percentage unshelled kernel increased.
Effect of speed of rotation on UK
Increased speed of rotation decreased the UK to 0 (Figure 7b ). This might be because, at higher speed, more pods split due to the high frequency of impact. Similar results were reported by Sharma et al. [25] increased speed reduced the percentage of unshelled Tung fruits during the shelling.
Interactive effect of moisture content and speed of rotation on UK
The interactive effect of moisture content and speed of rotation on the UK showed that a simultaneous increase in speed and moisture content decreased the UK from 0.1 to 0.01 (Figure 7b ). Figure 8a , b, increased moisture content decreased the BBK to 0.4%, but a stable trend of 2% was observed for SBK. At higher moisture content the undehulled moringa seeds were shielded by the pod and outer coat, so there was less mechanical damage. Falade and Aremu [27] reported that percentage broke at 90 o cylinder bar inclination reduced with increased moisture content to18% but increased afterward for moringa in a shelling device. Falade and Aremu [24] revealed that the broken kernel increased from 8 to 11.3% moisture content but decreased afterward for moringa in a shelling machine.
Effect of speed of rotation on SBK and BBK
Increased speed of rotation increased the SBK to 12% and the BBK to 1.6% (Figure 8a, b) . At a higher speed, there was more mechanical damage caused to the product due to the increased impact of the rotating drum. These results are in agreement with the result reported by Iyanda et al. [5] , in which it was revealed that mechanical damage caused by a cocoa depodding machine increased with increased speed.
Interactive effect of moisture content and speed of rotation on SBK and BBK
The interactive effects of the moisture content and the speed of rotation showed a simultaneous increase in moisture content with speed increased the BBK and the SBK. Similar results were also reported by Figueiredo et al. [22] , in which it was revealed that increased moisture content with peripheral speed for safflower seeds increased the percentage fines.
Modelling of the performance for the developed depodding machine
Quadratic and 2FI models were individually adapted for the prediction of the performance of the machine. The following response equations were generated: (Table 4) , indicating high correlation value. The summary of the ANOVA indicates that the speed of rotation had the highest effect on the performance efficiency of the depodding machine developed as compared to the moisture content. The linear terms showed the highest significance. In predicting TP, ETP, LR, DC, UK, SBK, BBK, and DE, a quadratic model was selected while CW 2FI was selected based on the evaluation parameters (Table 4) . Similar findings were reported by Fakayode et al. [11] and Shittu and Ndrika [28] . Table 5 presented the test between-subjects effects of the moisture content and speed of rotation on the performance efficiencies (TP, ETP, LR, DC, CW, DE, UK, SBK, and BBK). For the various performance efficiencies, the moisture content and speed of rotation are significant. The interaction between moisture content and the speed of rotation was also significant, except for CW. This signifies that the variables must be properly controlled as they affect the performance of the process.
Optimization
The experimental and predicted values were in reasonable agreement for all the performance efficiencies evaluated at a desirability value of 0.62 (Figures 9a-j and 10 ). In the various range of moisture content performance efficiencies of the developed depodding machine were reliable.
Conclusion
In this study, the effects of processing factors on the performance of the designed and fabricated moringa depodding machine using a response surface approach were evaluated. The response surface analysis revealed that the speed of rotation and crop moisture content had a significant effect on the various performance efficiencies (TP, ETP, LR, DC, CW, DE, UK, SBK, and BBK). The speed of rotation was found to have the greatest effect on the responses as compared to the moisture content within the experiment conducted. The effect of moisture content and speed of rotation were quadratic for TP, ETP, LR, DC, DE, UK, SBK, BBK, but was 2FI for CW. From the optimization study, the optimal values for the performance of the moringa depodding machine were recorded at the moisture content (10.10% wet basis) and speed of rotation (564 rpm 
